Introduction
Social constructivism acknowledges that the learner brings a rich source of prior knowledge to the learning situation (Kasanda, Lubben, Campbell, Kapenda, Kandjeo-Marenga, & Gaoseb, 2003) . This knowledge may find expression in a variety of activities and is often not measurable with the traditional assessment instruments used in science classrooms. Pen-and-paper tests cannot adequately assess the complex competences that underpin Curriculum 2005 (DoE, 1995 . While the specific outcomes of the National Curriculum Statement (NCS) (DoE,1997) , the working document of C2005, were replaced by the learning outcomes of the Revised National Curriculum Statement (RNCS), (DoE, 2003) with the intention of streamlining and strengthening C2005, the critical and development outcomes remained the same. C2005, through these outcomes not only advocated the development of knowledge and skills, but also emphasised education for democracy and citizenship, including social justice. The challenge is to find ways to assess a range of outcomes that cannot be tested by measuring performance, as penand-paper tests form one small measure of what learners actually experience in the classroom (Veronesi, 2000) .
Background to and rationale for the study A comprehensive evaluation of the Primary Science Programme (PSP) of the Western Cape, South Africa, prompted this research. The evaluation was commissioned by the Joint Education Trust (JET) and conducted by the research centre of the University of KwaZulu-Natal. The evaluation included various aspects of teaching and learning, including assessment practices with regard to science outcomes. The research was prompted by the fact that the evaluation had shown that learners performed poorly in pen and paper tests. Classroom observations made it clear that learners had learnt more than the tests were assessing. This made us realise that we were not assessing everything the children were learning and prompted us to consider alternative assessment strategies. As ethical clearance was granted for the evaluation, permission to conduct research with regard to alternative assessment strategies in one classroom that was part of the evaluation, was required from the principal of the school and the class teacher.
The PSP works mainly in historically disadvantaged schools, where children have to learn through a language which is not their mother tongue. Most learners are isiXhosa speakers, while the language of instruction is English. All these factors create a complicated environment which impact in various ways on teaching and learning. This has implications for assessment.
Purpose of the study
It is important to distinguish between strategies to assess science outcomes and strategies to achieve non-science outcomes. The purpose of this study was therefore to find out which outcomes, other than science outcomes have been achieved when teaching science to Grade 6 learners. This may mean that there are no predetermined criteria by which learners are assessed and the assumption is that different learners achieve different outcomes. Alternative assessment strategies had to be devised to enable us to assess which nonscience outcomes were achieved.
Theoretical underpinning of the study
The way in which a learner constructs reality and makes meaning is influenced by social and cultural factors as well as physical and personal ones. Making learning meaningful for learners has to take into account social and cultural environments. Vygotsky's theory of social constructivism, which views the direction of development from the social to the individual (Vygotsky, 1986 ) is influential in this regard. Learning does not take place in cognitive isolation, but within the context of activities and social interaction informed by the day-to-day contingencies of culture. From a social constructivist viewpoint, learning occurs best in a social environment that is mutually and actively created by the teacher and learners. A strong feature of Vygotsky's view of social constructivism is situated cognition which focuses on learning as participation in a socially constructed world (Agee, 2002; Rodriguez, 1998; Lave & Wenger, 1991) . Learning is a situated activity (situated cognition) that occurs in communities of practitioners. Theories on situated cognition emerged from work that examined the relationships among learning and thought processes in particular social and cultural contexts. McCaslin and Hickey (2001) use the term socio-historic constructivism to describe the work of Vygotsky. They view learning as 'increasingly meaningful participation in knowledgeable socio-physical contexts ' (McCaslin & Hickey, 2001:137) . The classroom should therefore provide an environment that relates closely to the learners social and cultural world if learning is to be effective.
While individual work accommodates divergence, co-operative or collaborative learning provides opportunities for convergence expressed as group products. Although the literature (Robinson, 1990; Stevens & Slavin, 1995; Malcolm, 2005) reveals different schools of thought regarding the value of this approach in terms of enhancing learning ability, the value of co-operative learning lies in the possibility of achieving other outcomes besides conceptual development. Another advantage of co-operative learning is the fact that the teacher interacts with smaller groups and this may make it easier for them to 'listen' to their learners. Co-operative learning may well facilitate the achievement of a range of outcomes, not only outcomes related to learning science.
Towards a broader view of assessment
A substantive body of research points to the inadequacy of the traditional psychometric model of assessment as this assessment paradigm is unable to deal with the trend towards a broader purpose of assessment (Gipps, 1994) . In her view, assessment has to do so much more than in the past; hence the need for a paradigm shift. Traditional assessment techniques are advantageous in measuring content related knowledge and are easy to administer and useful for policy decisions (Kelly, 2003) . They are often used to improve marks, especially in poor socio-economic environments as learners are often given tests that cover small sections of the curriculum and focus on rote learning.
The problem with the psychometric paradigm is the assumption of universality. By this is meant that a test score has essentially the same meaning for all individuals. This is in contrast to social constructivism as a learning theory which assumes that the environment plays a crucial role in the way knowledge is constructed. Integrated learning theory (ILT) which is a variant of social constructivism holds that the measurement paradigm is untenable as it argues that learning takes many forms, some of which are more measurable than others. ILT argues that learning is influenced in different ways for any given individual by the complex mixture of understanding beliefs and attitudes which are the products of past learning experience (Broadfoot, 1996) . This type of assessment is not designed along psychometric principles and highly standardised procedures are not appropriate. The implication is that reliability needs to be re-conceptualised in terms of quality assurance (Gipps, 1994) . Proponents of alternative assessments practices claim that these assessments take place in more authentic contexts, use a wider range of assessment tasks and assess a wider range of outcomes.
The Revised National Curriculum Statement (RNCS) (DoE, 2003) defines assessment as "a process of gathering information about learners and is measured against assessment standards". Assessment standards describe the various levels at which the learning outcomes may be achieved. They describe what learners should know and be able to do -they provide criteria against which learners are assessed in each particular subject. They serve to provide a standard by which all learners are assessed and in this way assessment is judged to be valid as it demonstrates the actual competence of the learner. While this policy is advanced in its criterion-referenced approach, as opposed to a norm-referenced approach, and proposes that a range of assessment strategies other than written examinations should be implemented it still only focuses on science outcomes (and critical outcomes through science outcomes) and ignores the possibility of other outcomes that may be achieved.
Research in science education that promotes the humanistic and cultural aspects of science and technology education claim that a variety of research instruments exist with which to assess students' acquisition of humanistic and cultural content taught in science and technology courses (Aikenhead, 2004) . Such instruments may assess improved understanding of social issues, improved attitude towards science and learning, modest gains in thinking skills such as application of formal science to everyday events, critical and creative thinking and decision making, as well as improved socially responsible actions. All of these improvements are of course dependent on the chosen content, as well as the pedagogical approach, but what is important is that assessment strategies that are able to assess these competencies are available (Aikenhead, 2004) . Without this option, assessment strategies to assess science outcomes often suggest that little learning occurs in environments that are socially and financially deprived (Ibid.). The purpose is therefore to determine if any learning occurs in such settings by applying alternative or non-conventional assessment strategies.
Research has shown that very few science teachers assess outcomes such as self-confidence, social skills or language as they are not regarded as science outcomes (Malcolm, 2005) . Consequently assessment strategies that assess such outcomes are rarely used. Sato and Atkin (2007) point to practices where teachers use strategies to assess concepts and skills as well as effort, creativity and a number of additional affective outcomes. They acknowledge that traditional assessment does not assess aspects such as motivation, participation and commitment, strengthening the beliefs that alternative assessment strategies are essential. Research conducted by Monk and Olufunmilayo (2002) which focused on the design of instruments to gauge learners' participation, enjoyment and learning in science, supports this view. Fensham (2004) suggests that there are outcomes that learners may achieve in science classrooms that are as important and, in fact, necessary, to achieve science knowledge outcomes in the longer term. There is increasing evidence that the assessment strategies used do not necessarily reflect what learners learn in science classrooms. Science educators should take cognisance of the fact that there may be other personal and social outcomes that need to be met in assessing what learners know, in order to enable learners to benefit from schooling. Alternative assessment strategies allow learners to demonstrate outcomes in different ways like drawing or writing, observing and communicating. While some of these outcomes are not science outcomes, they should be assessed as separate in their own right as developmental or critical outcomes and not linked to science learning as such (McMillan, Myran & Workman, 2001) . Such outcomes are best assessed through a variety of strategies. Cowie and Bell (1999) report on such a strategy described as interactive assessment. Interactive assessment involves the teacher noticing, recognising and responding. It may be implemented when no specific assessment activity is planned. This type of assessment hinges on learner-teacher interactions and allows assessment of a wider range of learning outcomes than specific science outcomes. It allows the teacher to gain ephemeral information that is of a verbal nature (comments and questions) and non-verbal (body language) interactions with others. This is called noticing as part of assessment. The teacher will notice different information from different learners at different times. This information may be connected to science, but is also related to social and personal development. An interactive teaching approach provides the challenge of what and when to assess and keeps the process manageable (Zeegers, 1996) . Such alternative assessment practices, which are essentially contextual assessment, raises issues of validity and reliability (Klassen, 2006) .The fact is that conventional assessment and alternative assessment practices represent two different paradigms. Conventional assessment strategies are useful when assessment criteria are clearly defined and the results of such assessments are highly valued. As such assessment is mostly objective, it does not require intimate knowledge of the learner. In contextual assessment it is an advantage that the person who assesses, knows the learners well in order to make a better judgement. Without such knowledge teachers will not be able to assess the kinds of outcomes described by Cowie and Bell (1999) . Contextual assessment strategies can only be valid if the assessor knows the learners well and this is the only way to judge the evidence as trustworthy. Reliability is a more complex issue as the outcomes assessed may differ under different circumstances, producing different results at different times. Unfortunately, the value departments of education, learners and the general public attach to marks do not bode well for an approach where learners are assessed by interpreting their actions, attitudes and emotions (Donald, Lazarus & Lolwana, 2002) .
Methodology
The study is framed by a qualitative methodology. The method of generating data was essentially participative as the learners provided input with regard to what was learnt by suggesting topics for a unit that was taught by the researcher. The decision was taken that the researcher would act as the teacher as she had worked with the learners in designing the unit. Her position in the classroom as teacher and researcher raised a number of issues. It raised the need to consider her position and actions in the classroom, as well as the need to interpret what happens in the class in a broader personal, social and political context. She had to be mindful of the fact that her imposition, as well as her teaching strategies, shaped the way the learners responded and learnt. The study lent itself to the implementation of different alternative strategies as the researcher was deeply involved in the teaching and assessment of the learners as she taught a 12-hour unit over this period. This unit was spread over 4 days where learners engaged in science activities for 3 hours each day. While data were collected during this period, the researcher knew the learners from previous contact and also relied on the class teacher to provide further information as well as act as interpreter when necessary. The class was a Grade 6 class of 45 learners who all live in a township on the Cape Flats; some in the established part of the township and others in informal settlements in the township.
Although the topic selected by the learners was fire, it was used to design activities related to knowledge strands from the Natural Science Learning Area ie Energy and Change and Life and Living. The unit was divided into three sections: Veld fires, Fire in our township, Fire and people. Work sheets were designed to guide the activities. Examples of activities were: 1. Veld fires: Learners gave accounts of their experiences with veld fires.
These activities gave insight into the aspects of fire that were most important to different learners and what was most relevant to them with regard to fire. 2. Fire in our township: Activities covered the concept of flammability. One example was a predict-explore-confirm activity. This activity probed responses to relevance with regard to everyday knowledge. It also allowed for divergence as learners voiced their own ideas, but in the design of a house built with inflammable materials, a convergence of ideas was required. 3. One activity covered the concept of energy transformation. This activity tried to probe how learners related to formal science concepts and how they were able to link these constructs to their everyday understanding of fire. 4. In another activity causes of fires in homes were discussed, as well as the ways of putting out fires. This was linked to the scientific concepts with regard to fire, for instance what is required to make a fire burn. The purpose of this activity was to determine if these learners had any scientific explanation for the phenomena they experience all the time and if they were interested in the scientific explanations for these phenomena. The study was based on the premise that a wide range of outcomes are achieved when learners engage in a variety of activities which allow them to participate in an interactive way. To enable the assessment of a possible range of outcomes, different types of assessment strategies were applied. These strategies were intended to include science outcomes, such as science knowledge (Learning Outcome 2) and process skills (Learning Outcome 1), critical outcomes as described in the RNCS (DoE, 2003) , as well as personal outcomes. Although a pen-and-paper test was administered to determine which science outcomes had been achieved, and other assessments attempted to assess achievement of critical outcomes, the focus of this study was on personal outcomes that were possibly achieved while engaging in classroom activities.
As the assessment of possible non-science outcomes was an open-ended process, no specific assessment criteria were developed and no specific assessment tasks set for this purpose. As learners engaged in activities the focus was on outcomes that resulted from interactions and group activities. While class activities led to completion of worksheets and the written test (to assess achievement of possible science outcomes and selected critical outcomes) the data collected for this research were obtained as learners engaged in activities, communicating with each other, producing drawings, solving problems. They were observed closely as they interacted with each other and responded to the researcher/teacher during activities. The activities therefore also served as instruments of assessment. This approach was similar to the interpretive and interactive approach described by various authors (Cowie & Bell, 1999; Fensham, 2004; Sato & Atkin, 2007) .
Data were collected in the following ways:
Observations: The complete unit was video-taped. Classroom observations allowed assessment of the ways in which learners engaged with the topic, how they engaged each other and how they used everyday knowledge. The video-tape was analysed using the following categories: • Level of participation: Groups were observed to see how many learners participated in their groups. Both talking to each other and participating in the actual activity were classified as participation.
•
Verbal responses: These responses were analysed to see what learners regarded as important information. Worksheets: Certain work sheets were designed in a way that learners could draw and write on them, sometimes writing creatively, at other times merely answering questions.
An unstructured interview schedule was used to interview groups of learners at the end of each day. The topics and activities engaged in on that particular day were brought up and learners were asked to comment on them. In this way we attempted to determine what learners thought was the most interesting and worthwhile activities they had engaged in during the course of the lessons.
The study has its limitations in that data were collected from one class of learners over a relatively short period of time. Nevertheless, the fact that the research covered a complete unit lends more credibility to the study as the learners were observed in different situations. Trustworthiness was enhanced by obtaining data at different times as well as through three different methods. The findings cannot be transferred to other contexts as the research is about learners in a particular environment at a particular time. It is not the intention of the study to generalise the findings, however, it may serve to alert educationists to similar problems with regard to assessment in contexts such as the one described here.
Findings and discussion
While the pen-and-paper test showed that a significant number of learners had shown little progress in achieving Learning Outcome 2 (construction of science knowledge), the classroom activities focused on a broader range of outcomes. As learners' responses to various dimensions of science learning are interconnected in various ways and not always distinguishable as separate entities, assessment is a complex process. Nevertheless, intensive observation of learners as they engaged in various activities made it possible to determine which outcomes had been achieved. Analysis of the video-footage and their worksheets, as well as interviews allowed us to identify a number of themes that demonstrated what learning was occurring that may be difficult to assess by conventional means. As social constructivism, and by extension, situated cognition implies that learning is mediated by the learner's social environment and best occurs during interaction between participants, this was used as a lens through which to analyse the data.
Critical Outcomes
While conventional assessment strategies allow for the assessment of critical outcomes to some extent, for example problem solving, learners were assessed for the achievement of these outcomes by other means. Interactive (observation of learner-learner and learner-teacher interactions) and interpretive assessment (analysis of drawings and stories) allowed us to determine whether the critical outcomes above were achieved. However, it is not within the scope of this paper to report on how the critical outcomes were achieved as this is reported elsewhere (Stears, 2005) . Instead the findings will focus on outcomes that were neither pre-determined, nor foreseen. As the activities that learners engaged in are described, evidence of outcomes achieved are mentioned.
Social and Personal Outcomes
The ability to apply everyday knowledge Learners were able to share their everyday knowledge with other learners in the classroom. For example they could use their knowledge to compare flammability, and also explain how to help people whose clothes were on fire. As many of these learners do not usually contribute much, the ability to contribute had a positive effect on these learners. When formal science concepts are taught many of these learners show little interest, but when learning is linked to their everyday experiences the levels of participation are much higher.
While some learners achieved science outcomes, all learners contributed to the discussion, using their everyday knowledge. The importance of linking their learning to everyday knowledge is that it provides learners with the science they can use in their everyday lives and enable them to build on their experiences, interests and prior knowledge (Stears et al., 2003) . Duschl and Hamilton (1998) support Vygotsky's view that mental functioning (science learning) can only be understood by examining the social and cultural processes from which it is derived.
When covering the concept of air as a requirement for a fire to burn, learners were shown a picture of woman with her dress on fire and people wrapping a blanket around her. They were then asked why the people were doing this. Learners were able to use their everyday knowledge as they knew that this action would extinguish the fire, though they were not yet familiar with the role of oxygen, but their everyday knowledge could serve as scaffolding to possibly acquire more advanced science knowledge in the future.
Participation and building relationships
In the design of this lesson series, the purpose of science education was carefully considered as it was the intention to strike a balance between 'learning science' and 'learning through science'. It would, however, seem that there are more complex issues involved that influence science learning and that the nature of the everyday environment has a strong influence in determining whether learning will occur, as well as deciding what is worth learning. The lack of adult involvement, which provides very little opportunity to imitate a more competent person, and the absence of collaborative learning place a limit on the development of the potential of the child as very little mediation occurs in the home environment of these children. The school environment becomes the focus of social interaction informed by a common culture. From a social constructivist viewpoint, the school context is a more appropriate environment for learning to occur as it creates the context for situated cognition -where situated cognition focuses on learning as participation in a socially constructed world (Agee, 2002; Rodriguez, 1998; Lave & Wenger, 1991) . It is this environment and the learners' sense of being part of a community of practice that may provide the foundation for further learning. If the child does not learn to do through collaboration today, she will not be able to do it independently (Vygotsky, 1986) .
Increased levels of participation were observed in the class activities. Analysis of the video-tapes allowed us to record levels of participation in groups and individual learners. For example the activities to show oxygen is necessary for combustion and a second one on flammability showed intense participation by all learners. Many learners participated more in group activities than in individual activities, while others tended to participate less in a group situation. It was not possible, though, to quantify how each learner responded to each dimension of participation. Levels of participation were very high during lessons where learners demonstrated practical knowledge that helped them in day-to-day survival, knowledge of cultural practices that learners value and the fact that shared knowledge in a community of learners brings personal aspects such as relationships to the fore. The importance of participation lies in the fact that when learners work together, they socialise, strengthen social groupings, support each other and in so doing, build confidence. They took comfort in sharing experiences such as the one below, which was prompted by a discussion of fuels used to start a fire. Instead of focusing on the science of fuels, they focused on the effect on their personal lives:
My (Lave & Wenger, 1991) .
Increased self-confidence
By contributing their practical knowledge in class discussions, learners were affirmed. Their self confidence increased, leading to even greater participation. Interviews with learners confirmed this. Interviews revealed that although learners valued their everyday knowledge, a number of learners were interested in learning more about natural phenomena that were unfamiliar to them. When learners move beyond everyday knowledge and wish to broaden their knowledge base, it is evidence of their increasing self-confidence and their need for individual growth and satisfaction (Fensham, 1988) 
Increased enthusiasm as a result of the inclusion of cultural knowledge
The learners who were participants were from a non-western culture, although they are taught science from a western perspective. The socio-cultural background of these learners shapes their worldview and causes them to hold different views of science as well. Learners' drawings and the interviews revealed their intense interest in cultural aspects. While the science classroom does not usually address cultural aspects and specifically alternative explanations for phenomena, the fact that this topic was raised in the science classroom contributed to learners' confidence to express alternative beliefs and raised levels of interest. It may be difficult for these learners to demonstrate understanding of concepts learnt at school while not believing them if they are in conflict with beliefs held in 'out of school' science. It is generally accepted that culture, as a contextual lens through which people view and understand the world has direct influences on their cognitive processes and understanding of science (Gao, 1998) . Their word view may also cause them to place less value on what is being taught in the science class. Culture has an influence on the learning of science and learning results from the organic interaction among the personal orientations of a learner, the subculture of a student's family, peers, community, tribe, school and media, the culture of his or her country or nation and the subculture of science and school science (Cobern & Aikenhead, 1998) . There is evidence that involvement of socio-cultural views about science concepts in science instruction develop positive attitudes towards the study of science (Baker & Taylor, 1995) . The fact that these learners were given the opportunity to bring their cultural beliefs into the science classroom increased the enthusiasm of some learners that the class teacher thought were normally not involved at all. Including cultural beliefs in the science class could possibly reduce the feeling of alienation in many learners.
Conclusion
While many learners are able to process concepts in such a way that it enables them to build new conceptual knowledge on existing knowledge (as the written pen-and-paper tests revealed) a number of learners in this context were not able to process new knowledge in a way that allowed them to build on existing knowledge. The learning experiences of these learners may not have the purpose of developing a scientific view, but towards some other purpose. By meeting different needs, outcomes other than knowledge outcomes were achieved. These outcomes are interlinked and difficult to assess. An interpretive approach, where actions and interactions were closely observed as well as conversations with learners were conducted, provided a means of understanding which of these outcomes had been achieved. This study made use of interpretive and interactive approaches to find out what outcomes were achieved besides science learning outcomes.
As learners built confidence in an atmosphere where their everyday knowledge was appreciated and their interests were addressed, they were affirmed. This affirmation and nurturing shaped the climate of the classroom, providing new learning possibilities. The particular topic covered in the lessons addressed the social and personal aspects of learners' lives, especially the practical aspects of survival. The factors that influence their lives impact on their interests and thus provide a framework for deciding what is worth learning. This explained their lack of interest in explaining scientific phenomena. They wanted their needs expressed in the classroom and wanted to engage in acti-vities that addressed their survival in their communities.
The implications for assessment are clear: strategies that assess more than learners' knowledge of science concepts are required if we wish to gain a holistic understanding of the learning that occurs in science classrooms. While many science educators may raise concerns that the achievement of science outcomes are the aim of science teaching, the argument raised here is that learners who live in physically, socially and emotionally deprived environments, as mentioned in this study, need to achieve these outcomes first, creating a possible foundation for the achievement of science outcomes at a later stage (Fensham, 2004) .
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